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The use of organ cultures of mouse ear skin for ex-
amining mechanisms of stratum corneum shedding has 
been investigated. The formation and loss of stratum 
corneum cells was assessed by electron microscopic au-
toradiography and from counts of stratum corneum cell 
layers taken from sections of plastic-embedded speci-
mens. Using media supplemented with cortisone, there 
was a linear accumulation of stratum corneum cell lay-
ers and the rate of epidermal cell formation corre-
sponded approximately to that in vivo. Cells that accu-
mulated at t he stratum corneum surface were loose and 
could consistently be removed by treatment with deter-
gent and ultrasonication indicating the persistence of 
shedding mechanisms in vitro. 
The structu re and functional in tegrity of t he epidermis are 
maintained by continuous proliferation and maturation of cells 
and, in the normal steady state, t he rate of cell formation is 
balanced by a controlled rate of loss of surface cells by desqua-
mation. T he stratum corneum is composed of flattened, kera-
t inized cells wh ich are surrounded by an intercellular material 
(1] . Cells appear to be shed from the surface, eit her as single 
cells or as clumps [2,3] and , although cell surface projections 
[ 4] and desmosomes [5] may influence cell adhesion, changes 
in the properties of the intercellular material appea r to be 
responsible for desquamation. The intercellu lar material of the 
stratum corneum, which also serves as a barrier [6,7], is derived, 
at least in part, from membrane-coating aranules which dis-
charge their contents in to the extracellular space of t he upper 
stratum granulosum [8]: the main constituents of the intercel-
lular material appear to be a mixture of polar and nonpolar 
lipids [9- 11] and some hydrolytic enzymes (8]. 
Shedding surface cells are separated from the living epidermis 
by t he barrier of t he stratum corneum itse lf, suggesting that 
loss of ad hesion is not under t he direct control of t he deeper 
strata but may perhaps result either from programmed decom-
position of the extracellular cement or from activation of lytic 
enzymes which break it down. Either of these processes could 
be influenced by surface environmental condit ions but normal 
desquamation, t hough perhaps assisted by minor surface fr ic-
t ion, does not appear to depend on surface abrasion: a loose 
flaky mass of cell s accumulates over t he epithelial surface 
beneath protective capsules [2,12,13]. 
Agents tested in vivo for effects on desquamation may have 
systemic tox icity or may alter local rates of cell proliferation, 
t hus greatly increasing t he amount of kinetic data required to 
calculate desquamation rates. A suitab le in vitro system might 
provide an opportunity to examine t he process of desquamation 
under condit ions of experiment interest (such as reduced oxy-
gen tension or selective metabolic inhibition) which would be 
unobtainable in vivo. In cell cultures, epithelial cells stratify 
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and are released from the epithelial surface into t he culture 
medium [14,15], but several aspects of t he normal phenotypic 
expression of epit helial cells are lacking including, typ ically, 
the formation of membrane-coating granules [16]. Skin or 
mucosa maintained in organ cult ure [17- 19] retains essentially 
normal patterns of proliferation and maturation and may thus 
provide a more suitable model for examining mechanisms of 
normal desquamation. However, although surface squames may 
loosen in undisturbed organ cu ltures, they accumulate at the 
epithelial surface rather than being dislodged. Some method of 
removing functionally desquamated surface cells is therefore 
required. 
We here describe an organ cul ture model which , from ex-
amination of the rate of accumulation of surface cells, appears 
to maintain a steady rate of cell formation and from which 
accumulated loose surface squames can be removed using de-
tergents. This system appears to indicate t hat desquamative 
mechanisms continue to act in organ culture and that they may 
also continue when some aspects of epidermal metabolism are 
inhibited. 
MATERIALS AND METHODS 
Preparation of Explants 
Organ cultures of ear skin were established [1 9] from inbred adult 
C3H mice aged 9- 12 weeks. The ears were removed, clean sed by 
agitation for 30 s in 70% ethanol and then phosphate-buffered saline 
(PBS) co ntaining penicillin (200 IU/ml) , streptomycin (200 f.lg/ ml), 
and fungizone (2.5 11g/ml) , split into two by tearing through the central 
cartilaginous plate and the ventral, relatively hairless, part was used to 
prepare the cxplants. Two discs of sk in were taken from each ear with 
a 3 mm -diameter biopsy punch, washed in the nutrient medium (see 
below) , and placed epithelium uppermost on a Millipore filter (Type 
HA, pore size 0.45 f.lm) on a perforated stain less-steel platform. Each 
preparation was placed into a 30 mm -diameter cultu re dish and ap-
proximately 1.5 ml of culture medium added to bring the surface of the 
medium level with t he Millipore fil ter. Three such dishes were placed 
in a 90 mm-diameter cul ture dish containing several layers of fi lter 
paper saturated with normal saline to maintain humidity. These were 
stacked in Mclntosh -Fildes jars and equilib1·ated with 5% CO", 55% 
0 2, and 40% N2 for 15 min and subsequently incubated at 37"C. Medium 
was changed every other day. 
Nutrient M edium. 
The nutrient medium was prepared from Waymouth 's MB 752/1 
dried powder supplemented with ferrous sulfate 0.8 11 gj ml, ascorbic 
acid 300 f.lg/ml , bovine serum albumin 2 mg/rn l (Cohn fraction \ ), 
penicillin (100 TU/m l) , streptomycin (100 11g/ml), fungizone (1.0 f.lg/ 
ml), and t it rated to pH 7.2 with 1 M sodium hydroxide and buffered 
with 7.5% NaHCOa. In addition, t he medium was supplemented with 
hydrocortisone sodium phosphate (see below) at a concentrat ion of 
0.05 mg/100 ml. 
Histologic Examination of Tissues 
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In preparation for both light and electron microscopy, explants were 
placed epit helium upward on a glass slab and encased in a drop of 
warm 1.5% agar solution to prevent fu rt her loss of squames during 
processing (as demonstrated by retention of a powdered carbon surface 
marker in pilot experiments). When the agar had ge lled, tissues were 
fixed in 2.5% glutara ldehyde in cacodylate buffe r at pH 7.3, dehydrated 
in graded acetone, and embedded in Spu rr's res in. Sections were cut at 
1 I'm using an ultramicrotome and stained with Richardson 's stain. 
Using an oi l immersion 100 x objective lens, the number of cell layers 
in the stratum co rneum was counted in 8- 10 a reas of each explant and 
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the mean va lue ca lculated. For each series of expla nts set up , 5 or more 
specim e ns of fresh ear skin we re similarly processed w provide cont rol 
values for t he number of stratum corneum cell laye rs initia lly present. 
Determination of Optimum Hydrocort.isone Concentration for Normal 
Growth of Mouse Skin 
From preliminary expe riments it was observed that the hydrocorti· 
son e level in the cul ture medium was a criti ca l facto r for maintenance 
of normal patte rns of proliferation and maturation of mouse ear sk in 
in o r gan cul t ure. The optimum conce nt ration of hydrocort isone was 
therefore investigated by maintaining se ries of expla nts for 7 days in 
m edium co nta ining hydrocortisone sodium phosphate (Hydrocortone, 
Me r c k & Co.) at levels of 0. 10, 0.05, 0.02 , 0.01 , a nd 0.002 !Lg/100 mi. 
Assessment of Rate of Formation of Stratu.rn. Com ewn Using ( 1H] 
Histidine and EM Autoradiography 
A group of 8-week-old C3 H mice received 100 11Ci per mouse of ["H] 
histidine (Amersha m-Sea rle, S.A. 60 mCi/ mM) by i.p. injection , and 2 
h later ears were removed and eit her (a) processed immediate ly for 
electron microscopy, or (b) set up in orga n cul t ure as desc ri bed above 
a nd harvested for processing for elect ron microscopy a fte r 4, 8, or 12 
days in culture. Sections of t hese specimens were cut at approxima te ly 
1000 A, placed on Formvar-coat.ed 200-11 m· mesh copper grids, a nd 
coated with a 20% solu tion of Iiford L-4 nuclea r track emulsion usi ng 
the loop method of Caro a nd Van Tubergen J20J Sections were stored 
in t h e dark at 4"C for 2- 6 months before development in Kodak D-19 
(1 :2), fix ation , resta ining with uranyl acetate a nd lead cit rate, and 
exam ination in a Zeiss M10 electron microscope for t he presence of 
s ilver gra ins overlay in g t he stratum corneum. Background was gener· 
a lly lo w and ce lls with 3 or more overly ing s il ver gra ins were cons idered 
labeled. For each specimen \,he greatest number of laye rs t hat a la beled 
cell had migra ted t hrough the stratum corn eum was determined a nd 
recorded. 
Assessment of Linear Rate of Accumulation of Squ.ames in Organ 
Culture 
Two sepa rate se ries of mouse ear explants were set up to examine 
t he r ate of accu mulation of surface ce lls . In one se ries, groups o f 6 
explants were ha rvested afte r 4, 7, 10, 13, a nd 16 days in cul t ure a nd 
in t h e othe r, groups of 10 ex pla nts were ha rvested afte r 3, 5, 7, 8, and 
12 days. These ti ssues were processed for examination together with 
specimens of fresh ear skin which served as baseline cont rols. A linear 
regression a na lys is was performed using t he number of laye rs of 
squames agai nst time t,o det.e rmine the rate of accumulation o f squames. 
M eth ods of Removing Accumu./ated Squames from the Surface of 
Cultured Explants 
Several methods we re tested for cons istent removal of accumulated 
s urface material , most being based on a n initia l dete rgent treatment 
fo llowed by mild mecha nical stimu latio n. Expla nl.s were set up , ha r-
vested after 8 days, a nd trea ted by immersion for 30 s to 2 min in 0.5% 
benza lkonium chloride, 1 '!'(, sod ium deoxycholate. or 0.5% Triton X 
fo llowed by ultrasonicat ion. These a nd co nt rol specimens of s imil a rly 
t reated fresh ear ,;kin were exa mined a nd coun ts made to determine 
the cons istency with which t he accumul ated surface ce lls we re removed 
in the absenc~ of damage to t he unde rly ing epithelium or s ignificant 
rem o val of surface layers from fresh skin . For the latte r expe riments 
the method was standa rdi zed with eac h specime n being p laced on a 
Millipore filter wh ich was in verted wi t h the specimen immersed fo r 30 
sat t h e surface of a sonicator bath (B ra nson, 8224. :i0- 60 Hzl. 
Assessment of Lin.ear Rate of Desquamation in Organ Cu lt.urP 
Two series of mouse ea r explant.s we re set up a nd groups of explants 
we re h a rvested a fte r (a) 3, 6, 9, a nd 12 days and (b) 2, 5, 8, a nd 12 days 
in cu lture. AL each t ime peri od, ha lf of the explants were t rea ted fo r :2 
min w it h 0.5% benzalkonium r hloride and sonicated befon• process ing 
fo r examination. 'fh e re ma inder were processed without disturbing t he 
accu mulated squa mes. A linea r regress ion a na lys is was performed using 
the number of cell laye rs lost agai ns t time. 
Assessment of the Influence of Tissue Vitality on thP Ra t.e of 
Desquamation. from OrJian Cu ltu.res 
Severa l se ries of organ cultures were se t up as previously described 
except that HEPES -buffered 0.9 % saline (pH 7.3) was used in place of 
t he culture medium. These prepara tions were maintai ned at 37"C in 
an atmosph ere of (a) 5% CO", 55 % 0", a nd 40% N2 or (b) l 00% 
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ni trogen. Such specimens were ha rvested at va rious times and pro-
cessed fo r examination eit he r before o r afte r treatment to remove loose 
surface cells. 
RESULTS 
Expla nts mainta ined in m edium con taining levels of hydro-
cort isone below 0.05 mg/ 100 ml showed m a rked hyperplas ia 
and an altered appearance of newly formed stratum corneum 
cells (Fig lA). Wit h a level of h ydrocortisone of 0 .1 mg/100 ml 
medium the ep ithelium appeared t hin and atrophic (Fig lB). 
At a hy drocortison e level of 0.05 mg/ 100 ml m edium, explants 
A 
FIG I. A, Mouse ea r skin afte r 8 days of cul tu re in med ium contain -
ing 0.01 mg/ ml hydrocorti sone. The epidermis is markedly hyperplastic 
and t he newly formed stratum corneum (arrow) is abnorma l. B, As in 
(A) but with 0. 1 mg/ ml hydroco rti sone. The stratum corneum appea rs 
norma l but the underlying epithelium is reduced in thickness (arrows 
indicate basement membrane region ). C, Ear sk in maintained fo r 8 
days in medium with 0.05 mg/ ml hydrocorti sone showing an epidermis 
of essentia lly norma l structure. The stratu m corneum has accumulated 
several laye rs of loose surface squa mes (arrow). D. As for (C) but 
showing a specimen a fte r sonica tion to re move loose su rface laye rs. 
Magnification t he same fo r a ll micrographs: scale bar= 50 11 m. 
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accumulated stratum co rneum cells of norm al appea ra nce a l-
though a sli ght, variable hyperpl asia was occasiona lly ev ident 
(Fig l C). The ul t rastructura l appea rance of cul tured epit helia 
remained norm al with t he ce ll s of the upper strata showing 
FIG 2. A, Electron micrograph of loose material removed from the 
surface of an 8-day explant. The material consists of a mass of disor-
ganized but in tact keratinocytes. Scale bar = 0.5 pm . B, Electron 
micrograph of an 8-day exp lant at the junction of stratum granulosum 
and stratum corneum . The lissue is of normal appea rance and struc-
tures resembling membrane-coa ting granules (arrow ) appear to dis-
charge into the extracellular space. Scale bar = 0. 1 I'm. C, EM autora-
diograph of a 4-day organ cul ture labeled wi th l"H [histidine immedi-
ately before explantati on. Three silver grains (arrows) mark a labeled 
keratinocyte which has migrated 5 layers from the stratum granulosum. 
(Scale bar = 0.5 I'm ). 
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membrane t hickening, discharge of structures simila r to mem-
bra ne -coating granu les, and a norm al keratin patte rn (Fig 2B) . 
After cult ure of explants for some days, stroking wi t h the 
edge of a n instrument removed materia l wi t h a waxy or cheese-
like cons istency to leave a smooth, glistening surface. If the 
explan ts were allowed to dry on t he bench a fte r removal from 
t he humid cul ture environ me nt, t he loose surface material 
formed a whi te, f1a ky laye r. Ult rastructurally t he loose surface 
materia l was found to cons ist of a mass of diso rganized, but 
apparent ly intact , stratum corneum cells (Fig 2A ). 
Explants showed surface accumulation of squames (Fig 3) at 
a rate of 1.6 layers per day and of migration of [3H)histidine-
labeled cells at a rate of 1.1 layers per day. Both sets of values 
showed a strong posit ive co rrela tion wit h t ime of ma intenance 
in culture. 
Accumulated squames were adequately removed from the 
surface of cult ured expla nts by most of t he methods tested, but 
t reat ment with 0.5% benza lkonium chloride fo r 2 min fo llowed 
by sonication fo r 30 s repeated twice produced the most con-
sistent removal without epidermal damage (Fig lD ). In t hese 
experiments, t he number of cell layers in t he stratum corneum 
rose to 22.6 ± 2.2 SD after cul ture fo r 8 days; foll owing t reat-
ment wi th benzalkonium chloride and sonication, t he number 
of cell layers remaining fell to 14.2 ± 0.79 SD. T his t reatment 
did not damage fresh ear skin in which the number of rema ining 
cell layers was 10.4 ± 0.9, a value not significan t ly diffe rent 
from the control value for t his series which was 10.9 ± 1.55 
SD. 
Removal of loose cells from t he stratum co rneum surface of 
vital expla nts (Fig 4) indicated t hat cells loosened at a rate of 
0.8 cell layers per day wi th a posit ive corre lation ( r = 0.9) 
between t he number of surface layers lost and t ime in culture. 
However, t he number of layers of cells remaining in t he stratum 
corneum did not fall to cont rol levels . A similar loosening of 
surface ce lls was found in specimens maintained in condit ions 
not conducive to normal epi t helia l metabolism. Afte r mainte-
nance in saline fo r 9 days in an atmosphere containing 55% 
0 2, t here were 9.8 ± 0.6 (n = 10) ce ll layers in the stratum 
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FIG 3. Plots of the rates in organ cul ture of accumulation of stratum 
corneum cells (e)- the rate is approx imately linear but shows greater 
va riability from specimen to specimen at later time points- migration 
of [3H]histidine labeled cells (X) through the stratum corneum of organ 
cultured explants. 
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FIG 4. Plot ,of the number of loose cell layers removed from the 
stratum corneum surface after maintenance in organ culture for various 
time periods prior to treatment with detergent and ultrasonication . 
The number of cells layers removed increases in an approximately 
linear fashion with time. Howeve r, the rate of loosening of squames is 
lower t han their rate of accumulation (see Fig 3). 
corneum indicating, as expected, lack of new cell formation 
under these conditions. This fell to 6.1 ± 0.7 (n = 11) layers 
after treatment to remove loose surface cells. After mainte· 
nance in saline for 9 days in a n atmosphere of 100% N", the 
number of layers of stratum co rneum ce lls was 10.1 ± 0.4 (n = 
17) and fell to 5.9 ± 0.6 (n = 25) a fter removal of loose cells. A 
series of samples was harvested after main tenance for 2, 5, 8, 
or 12 days in sa line and 100% N~ atmosphere. These specimens 
showed no addition of new laye rs of stratum corneum cells and 
regression a nalys is of the number of layers lost against t ime 
gave a pos itive co rrelation (r = 0.66), indicating a progressive 
loose ning of ce lls although only at. a rate of 0.4 layers per day. 
DISCUSSION 
For an organ cul ture system to be of value for studies of 
desquamation it appears necessa ry that t he structure newly 
fo rme d in vitro should be essent ia lly normal and that the 
kinetics of cell renewa l and ce ll loss remain within normal 
limits . The requirement of organ cultures for hydrocort isone 
has been described by others [19] and within the present series 
of exp eriments appeared to be necessary for normal prolifera-
t ion and maturation . In t he present experiments, the observed 
rate of accumulation of squames was 1.6 layers per day, and 
the rate of cell entry into the stratum corn eum assessed from 
auto radiographs was 1.1 layers per day. Potten [21] gives esti-
mates for rates of ce ll production in mouse ear epidermis 
ranging from 0.4 - 1.8 stratum co rn eum layers per day: the cell 
k inetics of t he organ culture system t hus appeared to be main -
tained within t he normal range. 
It is clear from the present data t hat loosening of surface 
ce ll s continues progressive ly in culture. Howeve r, the rate of 
cell lao. ~ning was not as rapid as new cell formation and t he 
number of cell laye rs in the "cohesive" stratum corneum, in -
creased with time in culture. It appears unlikely that the 
accumulation observed resul ted s imply from failure to remove 
a ll loosened surface ce lls. It may be tha.t in vitro conditions are 
not o ptimal for desquamation to occur: the furth er reduction 
in t h e rate of cell loosening found in nonvital conditions adds 
so me support to this possibility. However, t he estimates avail -
able for the norma ll y occurring in vivo rate of cell addition to 
t he stra tum co rneum Rre not particularly satis factory: an in 
vitro rate of cell prv.:[eration which exceeded t hat normally 
occurring in vivo would result in the loss of a steady state and 
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could account for the observed accumulation of cohesive 
squames. 
The mechanisms of desquamation active in organ culture do 
not actually result in cells being lost from t he surface as occurs 
normally in vivo; rather, squames accumulate as a loose waxy 
mass. This is apparently similar to in vivo epidermis which is 
maintained with its surface in a humid environment and pro-
tected from movement or minor surface friction , for example, 
under small metal cups [2]. It is apparent, however, that such 
surface layers, either in vitro or in vivo, can be considered 
"functionally" desquamated: t hey are loose and can be readily 
and consistently removed to leave a surface resistant to further 
cell removal. Consistent removal from cultures was achieved 
by combination of ultrasonication and t reatment with benzal -
konium chloride but there does not appear to be any particular 
specificity to the method of removal employed: accumulated 
squames can be lifted off from t he intact stratum corneum as 
a fragile, dispersable sheet using a pair of fine forceps. Dansyl 
chloride, a fluorescent dye that penetrates and exclusively 
stains the stratum corneum, silver nitrate, and other surface 
markers, have been used to determine t he rate of loss of stratum 
corneum [1 2,22] and rates of desquamation have also been 
studied by examining the number of squames accumulated 
beneath protective capsules fixed to the skin for given periods 
of time or by examining t he number of squa mes removed by a 
controlled sc rub [1 2]. Interesting data can be obtained in t hese 
ways, but such methods do not lend themselves readily to 
investigation of the actual mechanism of desquamation. The 
present se ries of experiments indicate that both accumulation 
of squames and loosening at the stratum co rneum surface take 
place at a linear rate in vitro. Examination of the influence of 
various experimental condi t ions on this rate is t hus possible 
and may thus provide a method for testing various agents which 
may modulate desquamation. Further, it appears tha t lipids 
may be la rgely responsible for the cohesion of squames of the 
stratum corneum [23-25] and such an organ culture system 
provides sufficient sterile desquamated a nd cohesive stratum 
corneum for comparison of the chemi ::al composit ion of t he 
desquamated and cohesive parts. The indication that desqua -
mation may continue from nonvital epidermis is of particular 
interest: it may permit the investigation of effects on desqua -
mation of factors such as ranges of temperature and pH that 
cannot be maintained in vivo or of enzyme inhibitors which 
may be toxic to living cells but be of particular investigative 
interest to the processes occurring. 
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